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There are many examples within gene complexes of transcrip-
tional enhancers interacting only with a subset of target promoters.
At the Drosophila bithorax complex (BX-C) over 300 kb of
intergenic DNA sequence is responsible for directing expression of
the three Hox genes during embryonic development. We have been
examining the mechanisms which regulate promoter–enhancer
interactions at the BX-C. In the BX-C, the IAB5 enhancer is located
55 kb 3′ of the Abdominal-B (Abd-B) promoter and 48 kb 5′ of the
abdominal-A promoter. Although roughly equidistant from the two
promoters, IAB5 specifically interacts only with the Abd-B promoter,
even though the enhancer and promoter are separated by at least
three insulators. Our experiments demonstrate that a novel 255 bp
cis-regulatory module, the promoter tethering element (PTE),
located 5′ of the Abd-B transcriptional start site is able to tether
IAB5 to the Abd-B promoter in transgenic embryo assays. The PTE is
sufficient to direct IAB5 to an ectopic promoter in competition
assays. In order to analyze the in vivo function of the PTE, we
studied flies in which the PTE had been disrupted by a P element
insertion at the endogenous locus. Imprecise excision of the P
element was used to generate a mutant featuring a partial deletion
of the endogenous PTE sequence. Our analysis shows that
disruption of PTE function results in a loss of Abd-B expression
and is homozygous lethal in embryos.
This research was supported by grants awarded to RAD - NIH
HD54977 and NSF IOS-0845103.
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Mutations in the gene encoding transcription factor Interferon
Regulatory Factor 6 (IRF6) confer risk for non-syndromic cleft lip
and/or (CL/P), a common birth defect; however the regulatory
pathway acting upstream of IRF6 is poorly defined. In zebrafish irf6
mRNA is expressed in oral epithelium and the enveloping layer (EVL),
a superficial epithelium (SE) which forms at blastula stage and
becomes periderm. We have shown that inhibition of maternal Irf6
causes defects in differentiation EVL, leading to death during
gastrulation. With a hormone-inducible form of dominant negative
Irf6 we show here that inhibiting Irf6 after gastrulation disrupts skin
development, similar to deletion of the Irf6 gene in mice. Atypical
protein kinase C (aPKC) activity is necessary for development of frog
SE. We hypothesize that aPKC acts upstream of Irf6 during zebrafish
EVL development, possibly by directly phosphorylating Irf6. Support-
ing this model, misexpression of an activated variant of aPKC gives
rise to defects in EVL development. We show that exogenous Irf6
becomes phosphorylated in zebrafish embryos. To identify phos-
phorylated residues in Irf6, we are systematically substituting Thr/
Ser residues, many of which lie within PKC consensus phosphoryla-
tion sites, with Alanines. Better knowledge of the Irf6 regulatory
pathway may lead to improved ability to assess risk for CL/P.
doi:10.1016/j.ydbio.2009.05.180
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The sex determination pathway in the fruit fly Drosophila
melanogaster is regulated at the level of alternative splicing to
produce male and female specific transcripts responsible for the
morphological differences between the sexes. In Drosophila, Sexlethal
(Sxl) activates the sex determination cascade while doublesex (dsx)
performs the role of master regulator in other dipteran insects and
silk worms. Despite these regulatory differences, sex specific
alternative splicing appears to be a universal mechanism of sexual
dimorphism among insects. We currently are culturing an unidenti-
fied species of jumping stick, Stiphra sp, from the Peruvian Amazon
that exhibits dramatic sexual dimorphism and color variation. Adult
females are cryptically colored in shades of brown and span
approximately 17 cm from head to abdominal tip, while the males
are green and much thinner, often measuring 10 cm in length. We
hypothesize that the alternative splicing of homologous sex determi-
nation genes play a role in the morphological differences noted
between the sexes of Stiphra sp. To investigate this, we are probing a
Stiphra sp genomic library in an attempt to identify homologous sex
determination genes. Additionally, we are using Drosophila micro-
array chips to analyze gene expression differences between the sexes
in Stiphra sp. We expect to find male and female patterns of
alternative splicing among conserved sex determination genes in
Stiphra sp.
doi:10.1016/j.ydbio.2009.05.181
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Trps1 is a transcription factor involved in bone development. Our
previous studies demonstrated that during endochondral bone
development Trps1 represses Runx2, which is a master regulator of
osteoblast differentiation and chondrocyte maturation. Additionally,
analyses of long bones of Trps1 mutant mice revealed advanced
mineralization of the perichondrium in comparison with WT
littermates, which suggests that Trps1 acts as a negative regulator
of mineralization. To test this hypothesis we generated Trps1
transgenic mice over-expressing Trps1 in osteoblasts and odonto-
blasts (Col1a1–Trps1 mice). Col1a1–Trps1 mice demonstrate growth
retardation after weaning and most die before 5 weeks of age due to
feeding problems. Histological and micro-CT analyses reveal a
dramatic decrease of dentin mineralization in transgenic mice.
Additionally, expression of dentin sialoprotein (Dsp) and dentin
matrix protein 1 (Dmp1), major non-collagenous proteins of dentin
matrix, is reduced in Trps1 transgenic mice. During early tooth
development, Trps1 is highly expressed in dental mesenchyme, and
after establishment of the cell lineage, in pre-secretory odontoblasts
and the dental sac. However Trps1 expression is diminished when
odontoblasts mature and begin secreting matrix. The Trps1 expres-
sion pattern in teeth together with findings in Trps1 transgenic mice
indicate that Trps1 expression must be turned off in secretory
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odontoblasts to allow formation of dentin. Our future studies will
focus on identification of Trps1 target genes involved in dentin
formation.
doi:10.1016/j.ydbio.2009.05.182
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Cell shape change is a central mechanism for morphogenesis in
multicellular organisms. In previous studies, we have shown that
Shroom3 is required for both epithelial cell apical constriction and
apicobasal cell elongation through organizing both microtubule and
actin cytoskeletons. In Xenopus, tissues with Shroom3 expression
show wedge-shaped cells, driving the bending of cell sheets.
However, how Shroom3 expression is activated to control morpho-
genesis remains unclear. Transcription factor Pitx2, shown to control
gut morphogenesis, and Shroom3 are both expressed in the cement
gland, Rathke's pouch, heart, and gut, and ectopic expression of
either results in pigment accumulation. To determine whether Pitx2
regulates Shroom3 transcription, we show that ectopic Pitx2
induces Shroom3 expression in the epidermis and this induction
is also observed in naïve animal cap tissues injected with Pitx2
mRNA. In addition, the induction of Shroom3 expression is still
shown in Pitx2-injected animal caps in the presence of protein
synthesis inhibitor, suggesting that Shroom3 is the direct target of
Pitx2. Besides Pitx2, we also show that Pitx3 controls Shroom3
transcription directly. Moreover, ectopic Pitx3 induces epidermal
cells to apically constrict and elongate, and that these cell shape
changes are reverted by DN-Shroom3. Together, the data demon-
strate that Shroom3 can be activated by Pitx genes to drive cell
shape change.
doi:10.1016/j.ydbio.2009.05.183
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Phenotypic variability, even in the case of the same genetic
mutation, is a common feature of many clinical syndromes, but
remains poorly understood. As a model of this problem, mice with a
deletion in the gene Twisted Gastrulation (Twsg1) in an inbred
C57BL/6 background show variable alteration of craniofacial devel-
opment, ranging from apparently normal to severely malformed,
similar to human holoprosencephaly. Based on the severity of the
external appearance, Twsg1−/− embryos may be classified into three
groups: A (unaffected), B (moderately affected), and C (severely
affected) as early as embryonic day 9.5 (E9.5). The purpose of this
study was to investigate differential changes in gene expression,
which correlate with phenotypic severity. mRNA was isolated from
the first branchial arch at E10.5 to enrich the pool of transcripts for
genes important for craniofacial development. 3–6 arches were
pooled to generate samples (N=5 replicates per phenotypic class),
which were analyzed by Affymetrix exon array. We have found
consistent shifts in gene expression profiles correlating with
phenotypic class. Functional analysis indicates alterations particu-
larly in genes important for development. Changes observed in
expression levels of genes involved in epigenetic regulation suggest
a model for phenotypic variability mediated by epigenetic mechan-
isms altering transcription and leading to variable disease severity
in the Twsg1 mutant.
doi:10.1016/j.ydbio.2009.05.184
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The process of splicing regulates gene expression in a highly
conserved manner from flies to humans and maximizes the output of
a genome by generating different protein forms from the same gene
sequence. The regulated selection of alternative splice sites allows
genes to be appropriately turned on and off in different tissues, sexes
or stages of development. One of the best-characterized examples of
regulatory alternative splicing occurs in the sex determination
pathway in Drosophila melanogaster. Using conditional RNAi knock
down experiments of the early splicing factor U1-70K under GAL4-
UAS control, we have identified a sex-specific lethal phenotype that
appears to occur after the initial establishment of the sex determina-
tion pathway. This sex-specific lethality is rescued when larvae
undergoing knock down are raised on food with a higher sugar
content. We are repeating these crosses on different food sources to
investigate the hypothesis that splicing activity is affected by
nutritional state. Future experiments include microarray analysis to
identify genes that may be differentially regulated on food with a
high or low sugar content and comparison of the lipid content in the
fat body of larvae raised on different food sources.
doi:10.1016/j.ydbio.2009.05.185
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The process of splicing regulates gene expression in a highly
conserved manner from flies to humans and maximizes the output of
a genome by generating different protein forms from the same gene
sequence. The critical initial definition of intron–exon borders
depends on splicing factors recognizing regulatory sequences within
a pre-mRNA to promote or prevent splice site usage. Although over
200 spliceosome-associated proteins have been identified, exactly
how these proteins function with one another in a living organism
remains unclear. Because of the wide spectrum of genetic manipula-
tions and biochemical analysis possible in Drosophila melanogaster,
we are investigating the fat body as a system amenable to identifying
tissue specific regulatory proteins. We are in the process of
developing a tagged version of the early splicing factor U1-70 K that
will use biotin–streptavidin affinity to purify the early spliceosome.
U1-70K, an SR-like protein and component of the U1 snRNP, plays an
important role in early splicing when intron–exon borders are first
determined. By identifying proteins associated with U1-70K in the fat
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